Introduction {#sec1-1}
============

Snake bite is a serious occupational hazard for the rural population. Every year, about 40,000--50,000 people die of snake bite in India.\[[@ref1]\] Snake venom causes neurotoxicity, coagulopathy, and renal failure. Who will develop which organopathy depends on the snake species in a particular geographical region? As it is not always possible to identify the snake, need of clinical predictors for organ involvement is crucial in management.

Patients at high risk of developing acute renal failure should be identified earlier and referred to the higher center for proper treatment to prevent serious consequences of uremia. With this objective in mind, we did this retrospective record-based controlled study of 138 patients who presented to our institute with venomous snake bite between July 2014 and December 2015 to identify early predictors of renal involvement in snake bite.

Materials and Methods {#sec1-2}
=====================

The present study was conducted at a tertiary care hospital in the North Eastern region of Uttar Pradesh, India, which is an important referral center for the rural population of the district.

We had 280 snake bite patients presenting to our institute between July 2014 and December 2015. Records of these were retrospectively analyzed. Ethical approval was taken for the study from the Institute\'s Ethical Committee. Patient data regarding age, gender, time elapsed between snake bite and administration of anti-snake venom (ASV), clinical features, and laboratory investigations and outcome were collected in prestructured pro forma.

Of the 280 cases, only 138 had a venomous bite while rest 142 who had nonvenomous bites were excluded from the study. We further analyzed the 138 cases with venomous bite. Of these 138 cases with snake bite, 62 developed renal injury while 76 did not. Of these 76 patients who did not develop renal injury, 48 developed neurotoxicity, while 28 had mild symptoms such as isolated cellulitis or perioral paresthesia or giddiness but no life-threatening systemic toxicity.

Venomous bites were given polyvalent ASV at admission followed by continuous infusion till 48 h or till correction of abnormal clotting time.

 {#sec2-1}

### Inclusion criteria\[[@ref2][@ref3]\] {#sec3-1}

Definitive history of snake biteClinical picture of snake bite like two close set puncture marks denoting fang marks or local tissue reaction or cellulitis or abnormal 20 min whole blood clotting time \>20 min within 12 h of snake bite or later; bleeding tendencies or acute kidney injury (AKI) or neuroparalysisDevelopment of AKI defined as absolute increase in serum creatinine ≥0.3 mg/dl from baseline or a percentage increase in the serum creatinine of ≥50% above baseline within 48 h or oliguria of \<0.5 ml/kg per hour for more than 6 h or urine output 400 ml/dayDevelopment of neurotoxicity was considered when there was documented ptosis, weakness of neck and bulbar muscles, difficulty in breathing, and need for neostigmine or ventilatory support.

### Exclusion criteria\[[@ref2][@ref3]\] {#sec3-2}

Nonvenomous bites, i.e., those who had ragged bite marks and did not manifest any clinical or laboratory features of envenoming during their hospital stay of at least 12 h and did not re-present to the hospital with delayed envenomingPatients with preexistent renal diseases, i.e., serum creatinine \>1.5 mg/dl prior to snake biteKnown case of diabetes or hypertensionPatients who had exposure to nephrotoxic drugs/agentsPatients with malaria diagnosed on peripheral smear examinationPatients whose ultrasound abdomen showed bilateral small kidneys/loss of corticomedullary differentiation/any obstructive uropathy or previous renal pathology.

### Statistical analysis {#sec3-3}

Patients were classified into two groups according to the presence and absence of AKI. Difference between the two groups was compared using the Chi-square test. Risk factors for the development of AKI were statistically analyzed. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Of 138 patients who had venomous snake bites, 62 patients developed acute renal injury, putting the incidence of 44.92% for nephrotoxic bites. Renal toxicity due to snake bite occurred within 48 h to 10 days of envenomation. Most of the patients (94%) developed symptoms and signs of acute renal failure within 48--72 h, while 6% of patients developed renal manifestations from 5 to 10 days after the snake bite.

Most of the snake bite patients were males (84.05%). Patients who developed AKI were mostly older than those who did not develop AKI (34 ± 1.64 vs. 32 ± 1.62) (*P* \< 0.05). In our study, snake bite patients hailed predominantly from the rural population (97.87%). Furthermore, 59 out of 138 venomous bite patients (42.75%) took nonmedical treatment before coming to the health facility. Prolonged bite to ASV time had a significant relationship in developing AKI (*P* \< 0.05) \[[Table 1](#T1){ref-type="table"}\].

###### 

Demographic features of snake bite patients with and without acute kidney injury\*

![](IJCCM-20-404-g001)

Among the clinical features \[[Table 2](#T2){ref-type="table"}\], there was an independent positive association of AKI with abdominal pain, tenderness and vomiting, cellulitis, myalgia, and black or brown urine (*P* \< 0.05), as well as and bleeding tendencies, while neurological features had an inverse relation for the development of AKI. Hypotension on initial presentation did not show a positive association with AKI in our study.

###### 

Clinical features of snake bite patients with and without acute kidney injury\*
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Discussion {#sec1-4}
==========

In our study, we studied the demographic and clinical predictors of developing AKI in snake bite victims. Males were more commonly the victims of snake bites, probably due to their more outdoor activities in the field. However, there was no significant association of gender of the patient and development of AKI after snake bite (*P* \> 0.05). Patients who developed AKI were mostly older than those who did not develop AKI (34 ± 1.64 vs. 32 ± 1.62) (*P* \< 0.05). Athappan *et al*.\[[@ref4]\] also found an increased incidence of AKI in older age group. This could be due to declining renal reserve with age.

Our snake bite patients hailed predominantly from the rural population as Barabanki is predominantly an agricultural district and people working in the fields are more exposed to snakes. However, the development of AKI was not significantly related to residence of the patient independently as compared to other factors.

An important observation was that significant number of patients (42.75%) took nonmedical treatment before coming to the hospital demonstrating the prevalent customs in the population. This is an important contributing factor for the development of various complications of snake bite including renal failure because of prolongation of bite to ASV time.

Increased time interval between bite to the administration of ASV (bite to needle time) had a direct correlation with the development of AKI (*P* \< 0.05). Delay in administration of ASV increases the risk of developing AKI. The venom continues to produce damage until it is neutralized. Athappan *et al*.\[[@ref4]\] and Reid\[[@ref5]\] found that early administration of anti-venom could reverse all clinical manifestations of snake bite. Causes of delay in seeking proper medical treatment could be due to lack of awareness of importance of early medical treatment of snake bite patients and consulting local healers using charms and other nonmedical treatment in snake bite as well poor transportation facilities in rural areas. The majority of snake bite victims in villages are initially treated by professional snake bite healers, snake charmers, and religious men, who use herbal remedies, chant divine mantras, and apply snake stone causing delay in seeking medical aid.\[[@ref4]\] Hence, early transfer of the patient to a health-care facility where ASV can be given is important.

Snakes that cause renal failure are either myotoxic or hemotoxic but venom may have direct nephrotoxicity.\[[@ref6]\] Among land snakes, there are five important venomous species in India.\[[@ref4]\] They are neurotoxic *Elapidae*, including common Cobra (*Naja naja*), King Cobra (*Ophiophagus hannah*), and Krait (*Bungarus caeruleus*, *Bungarus fasciatus*); and vasculotoxic *Viperidae*, Russell\'s viper (*Daboia russelii*), and saw-scaled viper (*Echis carinatus*).\[[@ref3]\] Acute renal failure is an important complication of Russell\'s viper and saw-scaled viper species of snakes in India.\[[@ref7]\] Up to 70% of the protein content of viper venom is phospholipase A~2~, present in the form of at least seven isoenzymes.\[[@ref8]\] Possible clinical effects of the enzyme include hemolysis, rhabdomyolysis, presynaptic neurotoxicity, vasodilatation and shock, release of endogenous autacoids, and interaction with monoamine receptors.\[[@ref8]\] Interestingly, Warrell\[[@ref8]\] found geographical variation in the clinical manifestations, reflecting differences in venom composition.

In our study, we noticed that those patients who subsequently developed acute renal injury had predominant complaints of GIT symptoms such as abdominal pain, tenderness, and vomiting. Abdominal pain, thought to be caused by submucosal hemorrhages in the stomach, has long been recognized as an important and early symptom of venomous snake bite.\[[@ref9][@ref10][@ref11]\] Abdominal pain and vomiting may denote severity of envenomation.\[[@ref12]\] Vomiting can be a part of autonomic symptoms of snake bite. Jorge *et al*. 1997\[[@ref13]\] report severe envenomation is associated with several autonomic symptoms such as vomiting, nausea, sweating, and abdominal colic. Kalantri *et al*.\[[@ref11]\] found that risk of death was six times higher for those snake bite patients with a history of vomiting.

Why venom causes autonomic symptoms of vomiting and abdominal colic? It seems possible that snake venom which causes nephrotoxicity affects the autonomic system due to the fact that postganglionic parasympathetic neurons are unmyelinated. Hence, toxin may directly affect these neurons leading to parasympathetic stimulation resulting in vomiting and abdominal colic. Similarly, it is quite possible that stimulation of postganglionic sympathetic neurons may give rise to ischemic nephropathy leading to acute renal shutdown.

Cellulitis was another important symptom associated with the development of AKI (*P* \< 0.05). Local cellulitis is an important finding in most of the venomous bites except krait, which causes neurotoxicity.\[[@ref11]\] In fact, in viper bites, it is the earliest symptom and viper is known to cause renal failure.

We also observed that severe body ache and myalgia had a significant relationship in developing renal failure (*P* \< 0.05). Myotoxicity due to snake venom can be responsible for generalized myalgias. Similarly, black/brown colored urine (coca cola colored urine) was present in 36 out of 62 (58.06%) cases who developed renal failure. Paul and Dasgupta\[[@ref14]\] and Vanholder *et al*.\[[@ref15]\] also observed that dark black or brown urine was strongly related to AKI. These symptoms can be attributed to muscle damage (rhabdomyolysis) due to snake venom and are important predictors of developing renal injury as a result of myoglobin accumulation in the renal tubule. Black/coca cola colored urine is a sign of myoglobinuria indicative of muscle breakdown.

In our study, 31 out of 62 (50%) patients who developed ARF had bleeding tendencies in the form of epistaxis, hemoptysis, and malena. This is indicative of venom-induced coagulopathy or thrombocytopenia. Intravascular hemolysis due to phospholipase A2 is a significant factor in the pathogenesis of snake bite-induced AKI.\[[@ref3]\] The most common coagulopathy in snake bite is venom-induced consumption coagulopathy (VICC) which results from activation of the coagulation pathway by snake toxins.\[[@ref16]\] In a proportion of patients with VICC, a clinical syndrome consistent with thrombotic microangiopathy has been reported, and it is characterized by acute renal failure, thrombocytopenia, and microangiopathic hemolytic anemia.\[[@ref16]\]

Hypotension is also an important risk factor for the development of renal failure. Russell\'s viper can cause hypotension by releasing bradykinin.\[[@ref4]\] This leads to prerenal insult. However, in our study hypotension on presentation did not have statistically significant predictive value for the development of AKI (*P* \> 0.05), probably because we were aggressive in correcting it.

We also observed that in our study, neurological toxicity was inversely related with the development of AKI. This could be due to low prevalence in our region of snakes which cause both neurotoxicity and kidney injury (e.g., sea snakes),\[[@ref17]\] and also pure neurotoxic snakes do not cause renal injury.

Conclusion {#sec1-5}
==========

We found that early clinical predictors for the development of AKI in snake bite patients are marked abdominal pain, tenderness and vomiting, myalgias and black or brown urine, as well as prolonged(\>2 h) bite to ASV time, cellulitis, bleeding tendencies. More research is needed to validate these findings, especially to find correlation of these symptoms with the development of AKI so that early identification of prognostic risk factors and proper timely management may reduce patient\'s morbidity and mortality.
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